Information on species distribution is recognized as a crucial input for biodiversity 19 conservation and management. To that end, considerable resources have been 20 dedicated towards increasing the quantity and availability of species occurrence 21 data, boosting their use in species distribution modeling and online platforms for their 22 variable at a national level through the implementation of a research infrastructure 37 that enhances the value of open access species data. 38 39
dissemination. Currently, those platforms face the challenge of bringing biology into 23 modeling by making informed decisions that result in meaningful models. Here we 24 describe BioModelos, a modeling approach supported by an online system and a 25 core team, whereby a network of experts contributes to the development of species 26 distribution models by assessing the quality of occurrence data, identifying 27 potentially limiting environmental variables, establishing species' accessible areas 28 and validating qualitatively modeling predictions. Models developed through 29
BioModelos become publicly available once validated by experts, furthering their use 30 in conservation applications. This approach has been implemented in Colombia 31 since 2013 and it currently consist of a network of nearly 500 experts that 32 collaboratively contribute to enhance the knowledge on the distribution of a growing 33 number of species and where it has aided the development of several decision 34 support products such as national risk assessments and biodiversity compensation 35 manuals. BioModelos is an example of operationalization of an essential biodiversity 36 Introduction 40 Species distributions are an essential biodiversity variable [1, 2] , critical to 41 assess species' conservation status and trends [3, 4] , assess biodiversity change [5-42 7] , guide conservation and management at the species and community levels [8] as 43 well as to assess their ecosystem services [9] , potential impacts on human activities 44 [10, 11] and health [12, 13] . They also are key inputs for the calculation of indicators 45 to evaluate countries' progress towards achieving international targets, such as 46 CBD's Aichi targets [14] or the United Nations' Sustainable Development Goals [15] . 47
Thus platforms that consolidate and facilitate access to the highest quality data on 48 species distributions are necessary to coordinate biodiversity observation delivery as 49 EBV's and aid biodiversity conservation and management globally [16] . 50 51 Considerable international efforts and resources have been designated at the 52 mobilization of primary biodiversity data (PBD), particularly through the global 53 biodiversity information facility (GBIF). These data are fundamental for many 54 conservation analyses based on species distributions. However, for most areas in 55 the world, our knowledge on species distributions based on PBD is geographically 56 biased and incomplete [17] . This situation is particularly dire in biodiversity hotspots 57 which lack sufficient information on species distributions based on PBD even at 58 coarse spatial scales [17] [18] [19] . Therefore, for most regions on earth, methods that 59 generalize occurrences to areas representing species distributions are necessary to 60 use PBD in conservation applications. 61
62
Species distribution modeling has emerged in the last two decades as a set of 63 methods and practices to estimate species distributions [20] [21] [22] . They are based on 64 PBD and environmental data and use a variety of statistical methods to infer the 65 probability of occurrence or suitability in unsampled sites. As such, they are a 66 powerful tool to overcome the wallacean shortfall [i.e. the lack of knowledge on 67 species geographic distributions; 23], due to their ability to produce reasonable 68 predictions with few occurrences [24, 25] To address the challenge of mapping large numbers of species without 88 compromising biological realism we devised BioModelos 89 (biomodelos.humboldt.org.co), an online system that involves a network of experts 90 and a core team of modelers in the development and validation of species 91 distribution models which are freely available for public visualization and download. 92
Here we describe the operational approach of BioModelos, the functionalities of its 93 web app and its implementation in Colombia. Although BioModelos has thus far 94 been deployed in a single country, our philosophy and software architecture can may 95 be applied to other regions and even scaled up to global implementations. In BioModelos, every species is associated to a single group of experts whom 135 are tasked with generating, improving or validating a distribution hypothesis for each 136 species in the group. Experts within a given group inform the core team which 137 species they plan to model collaboratively within a given time frame and provide 138 information that may be relevant for model development, such as previously cleaned 139 occurrence data or not publicly accessible, suggestions of meaningful environmental 140 variables to consider in modeling, among others. 141 142 Data aggregation and quality assessment 143 Unless the group provides previously cleaned data, the core team aggregates 144 occurrences from multiple data providers (GBIF, eBird, VertNet etc.), either manually 145 or through web services when available. After aggregation and standardization, a 146 series of automated data quality checks are performed (further info in Table 1 ). 147 Importantly, a permanent unique identifier for each occurrence is generated and 148 original identifiers (e.g. occurrence id, institution, collection code, catalog numbers 149 etc.) are maintained throughout the process so that their provenance may be traced 150 and feedback on data quality may be sent back to data providers whenever 151 mechanisms to that end exist. according to the manual categories presented in Table 1 Must be true
Correct county
County retrieved from coordinates and geographic layers matches the second level administrative division reported in occurrence database.
By default must be true, although it's overridden in datasets that don't bring this information (e.g. eBird).
Has locality
The locality field in record is not empty or null
Must be true. This information is necessary to assess independently the validity of coordinates.
In urban area*
The record falls within an urban area as defined by a geographic layer of urban areas.
May be true or false. Records from urban areas may come from actual observations but also from coarse georeferencing of collecting localities to nearest town.
Altitudinal outlier*
The record' altitude derived from a DEM is outside the reported altitudinal range in the literature.
May be true or false.
Consistent altitude*
The record altitude retrieved from coordinates and a DEM is within 100m of the altitude reported in the record.
EnvironmentalOutlier* Environmental variables for record are beyond the 1.5 interquartile range for all other available species occurrences, excluding duplicates.
Inside known distribution*
The record is contained within an expert map of species distribution (e.g. from IUCN).
Manual

Probable outlier
The record is well georeferenced and identified but is probably an environmental or geographic outlier (i.e. accidental species).
Must be false
Doubtful coordinates
The record is probably not well georeferenced.
Doubtful identification
The record is probably not well identified.
Introduced species
The record is well georeferenced and identified but has probably been introduced in the area (i.e. individuals in botanical gardens, zoos and those released or escaped).
Must be false, unless modeling an introduced/invasive species.
Other issues
Any other taxonomic or geographic issue that prevents its use in mapping the species distribution.
Must be false 169
To inform the development of distribution models, experts are also asked at 170 this step to delineate rough polygons of species' accessible areas [M sensu 37] 171 using a polygon tool and identify land cover types where species are expected to 172 maintain viable populations by filling out a habitat preferences form. 173 174 Distribution modeling 175 After occurrence data has been assessed for quality, the BioModelos core 176 team runs species distribution models using occurrences without quality issues and 177 publishes them in BioModelos with status "under development". As no single 178 modeling workflow is guaranteed to be adequate for all species [26, 29] , there is 179 considerable variability from group to group in terms of modeling choices, namely, 180 occurrence thinning, variable selection, modeling method, complexity optimization, 181 background extent and background sampling strategy. Therefore, we emphasize that 182 the BioModelos web app acts as a layer through which information from experts is 183 gathered, but once collected a variety of modeling workflows may be implemented. 184
This allows us to update our modeling workflow continuously based on advances in 185 the field independently from the BioModelos web app. experts that have been essential to consolidate expert groups as well as to gather 316 feedback to enhance user experience in the web app and improve the modeling 317 workflow. Currently, out of 1052 registered users, there are 475 experts associated 318 to 20 expert groups (Table 2) , which in turn are managed by 34 moderators. 319
Collectively, these experts are tasked with contributing in the development of 980 320 SDMs. Additionally, 17 expert maps and 216 models have been published since the 321 model publishing feature was implemented in January 2017. 322 323 We presented BioModelos, an approach to facilitate collaboration between 340 experts (e.g. field biologists, ecologists, taxonomists, biogeographers and modelers) 341 to generate publicly available information on species distribution mediated by a core 342 team and a web app. By involving experts in the development of models, we aim to 343 fill the gaps in primary biodiversity data and assess the biological realism of model 344 predictions by eliciting experts' opinion on species distribution as well as to avoid the 345 prevalent duplication of efforts in data cleaning and modeling (Anderson et al. 2016) . 346
Both of these features are necessary to advance faster towards the amelioration of 347 the Wallacean shortfall as well as to further the use of SDMs to generate EBV that 348 inform conservation decision making processes [15] . 349 350 Species distribution modeling is still a very dynamic field in which novel 351 methods and recommendations arise frequently. By keeping the expert-opinion data 352 gathering process independent from the modeling process, we have been able to 353 implement multiple modeling workflows with little impact on the design of the 354 BioModelos GUI or user's experience, keeping the app maintenance costs low. This 355 feature will allow us to continue to refine our modeling workflow for example by using 356 methods that formally incorporate expert opinion in model development [ and Primates; in progress). In the near future we aim to bring together more experts 380 focusing on species of conservation concern as those will likely benefit more from 381 having high quality distribution information. Also, the publication of models 382 developed by third-parties has contributed an important proportion of the models 383 available in BioModelos and we continue to encourage model publication by 384 contacting modelers identified through publications and scientific events. However, 385
for the remaining species we are still in the process of devising incentives to 386 increase the participation of experts in BioModelos, such as the development of 387 electronic publications that are formally recognized as research products in 388 academic performance reviews. 389
390
The BioModelos web app is open source (https://github.com/LBAB-391 Humboldt/BioModelos.v2) and free to use by any interested party. However, due to 392 the technical requirements for its installation and maintenance, the collaborative 393 nature of the BioModelos approach and the need of a core team consisting at least 394 of a modeler and a network manager for its implementation, it is best suited for 395 
